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1. INTRODUCTION 
The theory of variational inequality is a mathematical tool which provides a simple and efficient 
framework for solving various problems arising from economic equilibrium, transportation theory, 
and game theory on one hand and mechanics and engineering on the other hand. By now it 
has been observed that the equilibrium condition of virtually every equilibrium problem can be 
formulated as a variational inequality problem. 
A general economic equilibrium is a state in which all markets and all decision making units 
are in simultaneous equilibrium. A general equilibrium analysis addresses not only the behaviour 
of various individual units, but also looks into the interaction among them and equips us with 
analytical tools to view the working of an economic system in its entirety, i.e., how the various 
sectors of an economy are interrelated and influence the working of each other. Leon Walras, 
the father of general equilibrium analysis, first conceived the idea of the economy as a system of 
simultaneous equations describing the demand and supplies of each commodity. These demand 
and supply equations are specified as dependent on all prices in the economy. Therefore, any 
change in the demand and supply for commodities, or prices of commodities, affects all the 
quantities and prices in the economy. The Walras law states that if R. markets are given and 
(n - 1) of them are in equilibrium, then the other one will also be in equilibrium. 
Formulation of Walrasian equilibrium as a variational inequality problem was studied by Dafer- 
mos [l]. 
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The purpose of this paper is to prove an existence theorem of Walrasian equilibrium under 
most general conditions on the aggregate excess demand function which are weaker than the 
conditions stated in [l]. 
2. NOTATION AND STATEMENT OF THE THEOREM 
Let D denote a closed convex cone in Rk and let p = (pl,p2,. . ;pk) denote the price vector 
taking values in D. Let D* be the polar cone of D defined by 
D*={qERk:(p,q)<O, foreachpED}. 
Let z(p) be the induced aggregate excess demand function, which may become unbounded when 
the price of certain goods vanishes. We assume that z(p) is defined and continuous on the 
cone D which has nonempty interior and takes values in Rk. z(p) is said to satisfy Walras law 
if (p, z(p)) = 0 for some p E D. A price vector po E D is called a Walrasian equilibrium if 
z(p) satisfies Walrss law for po E D and z(pc) E D’. -z(p) is said to be pseudomonotone if 
(z(p),p - q) 5 0, then (z(q),p - q) 5 0 for p, q E D and strictly monotone if strict inequality 
holds for z # y. 
STATEMENT OF THE THEOREM. Let D be a closed convex cone in Rk and z(p) : D H Rk 
the aggregate excess demand function be continuous. Then there exists Walrasian equilibrium 
p* E D under any one of the following conditions. 
(i) -z(p) is strictly pseudomonotone and there exists an 3: E D with z(z) E int D’. 
(ii) For at least one T > 0 3 an u E 0: such that (z(x), z - IL) < 0 for all 2 E S,. 
For this, we need the following theorem. See [2, Theorem 3.11. 
THEOREM A. Let D c Rk be compact and convex and let z : D H Rk be continuous. Then 
there is at least one p* E D such that 
(4P'LP - P*) 5 0, t’p~D. (1) 
3. PROOF OF THE THEOREM 
PROOF FOR CONDITION (i). For any e E D* and T > 0 we define 
D?(e) = {x E D : 0 < (e,z) 5 T}, 
D:(e) = {CE E D : 0 < (e,z) < T}, 
S,.(e) = {x E D : (e,z) = v-}. 
For any e E int D* and each r > 0, D,.(e) is compact and convex. See [3]. 
Hence, by Theorem A there exists at least one y E D such that 
(Z(Y), x - Y) 5 07 VXED. (2) 
Since 0 E D we get 
b(Y>TY> 2 0. (3) 
For T > 0, e E int D*, if 32, E D:(e), there is some X > 1 such that Xz,. E S,.(e) c D,.(e). Then 
from (1) we have (z(x,.),x,.) 2 (z(s,), Xx:,) = X(Z(IC,.),X,.), and since (z(z,,),zr,.) 2 0 by (2), it is 
impossible unless (z(z,), x,.) = 0. 
Thus, IC, satisfies Walrasian law. By Theorem A [l], zT is a Walrasian equilibrium price vector. 
Let for T > 0, 2,. E SF(e) for all e E int D*. By our assumption there is an x E D with 
Z(X) E intK*. We set e = z(z). Choose T > (z(zr),z) 2 0. Now 2 E D~(z(cE)) for ?u E 
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&(z(z)), (z(z),w) = T, and hence, (z(z),w - z) = (z(z),w) - (z(z),z) < 0. Since -z(p) is 
strictly pseudomonotone and (z(z),w - z) < 0, for w E $(z(z)) we have (z(w),w - z) < 0 for 
w E S,(z(z)). But CC,. E S.(z(z)), and hence, 
(z(x,), x, - xj< 0. (4) 
Since IC E D,O(z(z)) C DT(z(zr)), ‘t f 11 1 o ows from (1) that (z(z~),Ic-z,.) 5 0, i.e., (z(z,.),z,.--2) > 0. 
This contradicts the assumption that x, E 2$(e) for all r has thus been shown not to hold when 
e = z(x). Thus, the proof is reduced to the previous case where 3 e E int D* and T > 0 3 x E 
D,O(e). 
PROOF FOR CONDITION (ii). For T > 0, we define 
D, = {z E D: 11x11 5 r}, 
0,” = {x E D: ~~~~~ <T}, 
S, = {x ED: IIzlI =T}. 
For r > 0, D, is nonempty compact and convex, and thus, by Theorem A to each r > 0 there 
exists unique x, E D, such that 
(4G.L Y - xr) 5 07 Vy E Dr. (5) 
Since 0 E D,, we have (2(x,.),x,-) 2 0. If there is some r > 0 such that 2,. E D,“, then there is 
some X > 1 such that Xx, E S, c D,. Using (5) we have (z(x,.),x~) 2 X(z(x,),x,.) and since 
(z(x,.), x,) 2 0, this is impossible unless (z(x,),x,) = 0. Thus, x, is a Walrasian equilibrium. 
If all x, E S, for all T > 0, by our hypothesis there is 2~ E 0,” such that (z(z~),x, - u) 2 0, 
Vx E S,., so for that r 
(Z(G), xr - u) I 0. (6) 
From (z(x,), y - xCr) 5 0 and (6) we get (z(z,.), y - u) 5 0, Vy E D,. Let w E D,. Write 
a = Xw + (1 - X)u, 0 < X < 1. We can choose X sufficiently small so that w lies in D,. Then 
0 > (z(xr), a - IL) = X(z(x,), w - IL). 
Therefore, 
(Z(G), w - u) i 0, VaED. (7) 
Since 21 E D,“, from (5) we get 
(Z(G), u - 2,) 5 0. (8) 
From (7) and (8) we get 
(Z(G), w - x7-j F 0, for all w E D. (9) 
Taking w = XX,, X > 1 in (9) we get (z(xp),x,.) 5 0. Thus, we obtain @(x,.),x,.) = 0. 
Also since (z(z,.),w) 2 (z(x,.),x,.) = 0 for all w E D, 2(x,.) E D*. 
Thus, x, is a Walrasian equilibrium price vector and it completes the proof. 
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